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abstract 

Exposure to RSP and ETS was assessed for approximately 200 nonsmokers per city 
throughout Europe. Volunteers wore personal monitors for 24 hours, provided saliva samples 
for cotinine analysis and completed detailed air quality/lifestyle questionnaires. Overall RSP, 
nicotine, ETS, cotinine and subjective assessments of air quality show the same trend by city 
with Barcelona having the highest contaminant levels and Stockholm the lowest. The median 
RSP levels for personal exposures in the workplace varied from 16-94 us m'\ Median 
cotinine and nicotine levels varied from 0.5-1.1 ngmL' and 0.13-0.51 |igm'' respectively. 
VOC analyses indicate median levels of benzene in the home from 0.9-6.9 pg rn 3 . 

INTRODUCTION 

New legislation is being introduced throughout the world to control and monitor the quality of 
the air we breathe. As we spend a fair proportion of our time indoors, specific attention is drawn 
to contaminants of indoor air. These studies performed throughout Europe were designed to 
assess some of these air quality issues by measuring the concentrations of certain contaminants 
by personal and fixed site monitors. 

ETS is considered by authorities to be a significant component of indoor air pollution, causing 
discomfort and possible illness to exposed occupants (1). RSP, considered to be of major 
significance to many outdoor health risks associated with air quality, is also of concern in indoor 
environments. 

The aim of this investigation was to assess personal exposures to RSP and ETS using recruited 
volunteers who wore a personal monitor over a 24 hour period and to perform fixed site 
measurements of VOCs both inside and outside the homes of these volunteers. Objective 
measurements by personal monitoring (2,3) were to be complemented with subjective 
assessments and self-reporting of activities using diaries and questionnaires. OnJy volunteers 
claiming to be nonsmokers, and assessed to be nonsmokers by means of saliva cotinine 
measurements, would be used. 

In Europe studies have been conducted in Stockholm, Barcelona, Turin, Paris, Bremen, Lisbon, 
Basle and Prague. Further studies are underway in Hong Kong and Kuala Lumpur. 
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METHODS 


Recruitment of volunteers 

Consumer Research Organisations were used in each country to establish a pool of subjects from 
which representative volunteers would be randomly selected. Ill some countries a Mosaic 
system was used to obtain a representative sample based on a comprehensive neighbourhood 
classification system (CCN Nottingham, England). 

Suitable volunteers were contacted and invited to attend a training session comprising a video 
presentation and a questionnaire exercise based upon lifestyle information. They were also 
asked to supply a pre-study saliva sample by chewing on a hygienic dental swab for 1 minute. 

The personal monitor 

The personal monitor was designed to collect RSP including ETS and nicotine from the 
breathing zone of the volunteer as described by Ogden et al.(4). The main features of the 
monitor head are depicted in Figure 1. The monitor head was connected to a pump, housed in a 
soundproofed case, by a polyurethane tube and the entire unit worn by the volunteer using the 
shoulder strap provided. The pump flow rate was set at 1.72 (== 0.02) L min" 1 for RSP and 
nominal 0.800 L min" 1 for the vapour phase collection of nicotine. 



Figure 1 Diagrammatic representation of the personal monitor sampling head 

Sampling was performed over a 24 hour period using a single monitor for nonworking 
volunteers. Working volunteers were asked to wear one monitor whilst at work and a second 
monitor at all other times. Volunteers completed activity diaries, returned the monitors after 24 
hours and provided a post-study saliva sample. 
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The VOC monitor 


This was used for fixed siie monitoring of approximately 10% of the households of all 
volunteers, The monitor comprised of a briefcase containing two independent battery operated 
pumps- One pump was connected to a sampling head, as in Figure L and a second pump 
connected to a series of tliree thermal desorption tubes in a ‘T’ configuration. The tubes 
contained a mixture of resins suitable for the collection of VOCs, typically Tenax TA™ 40/60 
mesh in the arms and Carboxen™ 569 20/45 mesh in the stems. 

analytical procedures 

RSP was trapped oil Fluoropore filters and weighed to the nearest microgram. 

ETS particulate matter was estimated by subjecting a methanol extract of the filter to coiumnless 
HPLC with UV detection at 325 run (UVPM) and fluorescence detection (excitation 300 nm, 
emission 420 nm) to determine FPM. Solanesol particulate matter (SolPM) was estimated by 
reverse phase HPLC using methanol with UV detection at 210 nm. 

Nicotine and 3-ethenylpyridine were extracted from the XAD-4 resin with ethyl acetate 
containing 0.01% triethylamine and quantified using capillary gas chromatography (GC) with 
thermionic specific detection. 

Saliva cotinine concentrations were quantified using radioimmunoassay (5). 

Volatile Organic Compounds (VOCs) were analysed using automated thermal desorption 
combined witii capillary GC/mass spectrometry. Quantification of up to 33 different VOCs 
from each sample was achieved. 

RESULTS 

Subject recruitment 



Figure 2 Distribution of Subject Lifestyles (Stockholm) 


Approximately 200 volunteers were recruited per city. The random selection of volunteers 
resulted in the distribution of participants comparing favourably with each city’s population. A 
typical distribution (Stockholm) of subjects is presented in Figure 2 (6). 
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Respirable suspended particles 

Figure 3 shows the distribution of RSP in the first five cities visited. Table 1 depicts median and 
95lh percentile concentrations of RSP based on the smoking status of their location. Stockholm 
has the lowest RSP levels of all cities measured to date. 



Table 1 RSP levels by “location" (pg m’ 3 ) 


City 

SW* 

95th Percentile 

NSW* SH* 

NSH* 

SW* 

Median 

NSW* SH* 

NSH* 

Stockholm 

57 

55 

72 

45 

16 

16 

31 

19 

Barcelona 

236 

91 

173 

136 

94 

52 

73 

46 

Turin 

216 

120 

183 

99 

90 

64 

71 

48 

Paris 

159 

105 

142 

88 

63 

53 

62 

33 

Bremen 

118 

91 

90 

51 

37 

23 

36 

23 


* SW = smoking workplace, NSW ~ nonsmoking workplace 
SH = smoking home, NSH = nonsmoking home 


Tobacco smoke evaluation 

UVPM, FPM and So 1PM results are not reported in this paper. 3-ethenylpyridine values showed 
similar trends to nicotine but are not reported here as many results are below the limit of 
quantification (6). 

Table 2 depicts levels of both nicotine and saliva cotinine in the European cities studied to date. 
Median levels would appear to indicate little or no differences between each of the cities. The 
95th percentile levels for both analytes show a consistent exposure order of Barcelona > Turin > 
Paris > Bremen > Stockholm. 
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Table 2 Overall nicotine and cotinine levels 


City 

95th Percentile 

Nicotine Cotinine 

(pg m 0 ) (ng mL" 1 ) 

Nicotine 
(ug m' 3 ) 

Median 

Cotinine 
(ng mL" 1 ) 

Stockholm 

1.43 

2.99 

0.13 

0.53 

Barcelona 

7.42 

7.18 

0.51 

1.10 

Turin 

4.66 

4.65 

0.38 

0.78 

Paris 

4.09 

4,12 

0.39 

0.85 

Bremen 

1.76 

3.47 

0.13 

0.50 


Volatile Organic Compounds 

Figure 4 depicts benzene distributions inside the homes of volunteers in the various cities 
studied. 



DISCUSSION 

RSP concentrations (Figure 3) varied in the order Barcelona > Turin > Paris > Bremen > 
Stockholm. This trend is mirrored by the 95 th percentile and median results for both nicotine 
and saliva cotinine, possibly indicating a closer correlation between the two measures than has 
been found previously (3). The same trend was also found in the volunteers 7 subjective 
assessments of their ETS exposure. Further work is required to evaluate the various methods for 
assessing overall ETS levels and currently up to 10 cities in total have been investigated. 
Results presented here suggest that accurate relative comparisons between different locations 
may be obtained using any of the methods provided a large representative sample is taken. The 

499 


PM3006485220 


Source: https://www.industrydocuments.ucsf.edu/docs/yrhj0001 






methods chosen to select volunteers indicate that their geodemographic distribution closely 
resembles that of the city being studied. This is of paramount importance if other conclusions 
are to be extrapolated from this data regarding, for example, risk assessments. 

The EPA’s limit for outdoor air is 150 pg m"' 7 RSP over a period of 24 hours, not to be exceeded 
more than once in a year (7). RSP levels based on the smoking status of the volunteers’ location 
(Table 1) would suggest that the EPA’s limit is exceeded, at the 95th percentile level, in 
smoking locations of some European cities. 

Considerable variation in indoor VOC levels, as represented by benzene, are evident both within 
and between the various cities studied. Further work is underway to evaluate data from different 
indoor and outdoor locations and by comparing up to 33 different VOCs. 
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